Objective: To calculate the best possible estimates for age specific life expectancy (LE) and anticipated age at the time of death (AAD) in patients with Parkinson's disease (PD) compared with the general population in the UK. These may be of greater value to patients than standardised mortality ratios (SMRs), which are usually reported in studies on mortality in PD. Methods: A literature review identified articles with data on age stratified life expectancy or SMRs to calculate estimations of LE using the Gompertz function and data on mortality and LE in the UK from the Office of National Statistics and Actuarial Department for the year 2003. Results: Two UK studies and four from Western Europe were used to estimate LE and AAD for patients with PD from SMRs. The mean LEs of patients with PD compared with the general population were: 38 (SD 5) years for onset between 25 and 39 years compared with 49 (SD 5) years; 21 (SD 5) years for onset between 40 and 64 years compared with 31 (SD 7) years; and 5 (SD 4) years for onset age >65 years compared with 9 (SD 5) years. The average AAD of patients with PD with onset between 25 and 39 years was 71 (SD 3) years and considerably lower than that of the general population (82 (SD 2) years). The difference between average AAD for older individuals with PD (onset >65 years) and the general population was smaller, with an AAD of approximately 88 (SD 7) years compared with 91 (SD 5) years. Conclusions: The calculations showed that LE and AAD in PD are reduced for all onset ages but this reduction is greatest in individuals with a young onset. While the results are average estimates, these can provide useful indications of LE and AAD.
P
arkinson's disease (PD) is a neurodegenerative disorder with an average onset of approximately 60 years, but some patients have a much earlier onset. PD is associated with increased mortality compared with the general population, with an ongoing debate on the influence of dopaminergic treatment on mortality rates. [1] [2] [3] [4] [5] Although some papers reported survival time, 6 comparison of mortality rates between patients with PD and the general population is usually presented using the standardised mortality ratio (SMR). The SMR allows for comparison between population groups with different demographics and life expectancies. This ratio is however of limited value in advising patients and their families on their prognosis. In addition, limited information is available on the comparative general survival and life expectancy in young versus older onset PD.
We therefore undertook an analysis of published data on mortality in PD to calculate estimates of life expectancy (LE; anticipated mean remaining time to live) based on SMRs and the most recent UK actuary data, and to compare LE in patients with PD by age group. Of the retrieved articles, 54 containing original LE, mortality or survival data were selected for further review. Articles were excluded if they did not provide LE or SMR estimates, or did not use PD diagnosis as the outcome. Studies beginning after 1984 were preferred so that the use of levodopa medication was widespread, as it is now. All articles were evaluated by one of the authors (LI) and data on SMRs, stratified by age or sex, collected. For the analysis of LE compared with the 2003 actuary data, only articles from the UK and, as the number of UK studies reporting age specific data was limited, Western Europe were included.
METHODS Searches and data extraction

Statistics
The SMRs from eligible UK and Western European studies were averaged for each age group to provide a single value for Gompertz calculations in each age category (eg, Schrag et al 6 and Ben-Shlomo and Marmot 7 had SMRs of 2.1 and 3.9 for ages 25-39 years, and therefore an average SMR of 3 was used for calculations in this age range).
Estimated LE can be calculated from the SMR using a modified Gompertz function. [8] [9] [10] [11] The Gompertz equation is based on the observation that mortality rate tends to increase exponentially with age. Equation 1: m x = B 6 e kx is the mortality rate at age x; log (B) (y intercept) and k (slope) are constants from the plot of natural log m x against x. Equation 2: SMR = 1 m x / 0 m x and 1 m x = SMR 6 B 6 e kx where 1 m x is the age specific mortality rate for the study population; 0 m x is the age specific mortality rate for the standard population. The inverse log of y intercepts log (B) (males = 0.0000320; females = 0.0000142) and slopes k (males = 0.095; females = 0.103) were calculated from the graph of the natural log of the mortality rate against age. The assumption is that the 2003 mortality rates in England and Wales are similar to the present mortality rates. The 2004 mortality rates are still considered provisional, so mortality rates from 2003 are the most recent available. Remaining LEs for men and women were calculated separately using equation 2 and substituting the calculated mortality rate into equation 3.
Using the Gompertz function with an SMR of 1 produces the calculated age specific remaining LEs of the general population, which are similar to the remaining LEs reported by the UK Actuarial Office (eg, for SMR = 1, the LE for men aged 25-29 years is calculated as an average of 54.0 years compared with 52.1 years reported by actuarial data). Using the average SMR per age group from the PD studies produced the calculated LE of patients with PD (eg, with an SMR of 3 the average LE for men aged 25-29 years is 42.6 years). The change in LE for patients with PD was calculated by subtracting the calculated LE in patients with PD from the calculated age specific standard LE (eg, for men aged 25-29 years, 54.0-42.6 = 11.4). These changes were then subtracted from the average LEs that were provided by the Actuarial Office (eg, for men aged 25-29 years, 52.1-11.4 = 40.7 years). The anticipated average age at the time of death (AAD) was calculated by summing the average current age (eg, 27.5 for the range 25-29 years) and the average LE for the age category (eg, for men aged 25-29 years in the general population the average AAD was 27.5+52.1 = 79.6 years, and for those with PD an AAD of 27.5+40.7 = 68.2 years). Case control study number of cases/number of controls. 1Men only. ôPopulation based cohort (n = 2792) with 16 deaths in patients with PD and 605 non-PD. **Non-demented patients with PD compared with controls. ÀÀ132 of 139 young onset PD cases (onset aged 21-39 years) had mortality data.`C ohort study number of cases/total cohort. 11This study used parkinsonism from records of physician diagnoses or PD drugs as the outcome of interest. ôôCumulative mortality incidence ratio; Cox proportional hazards ratio was 2.4. ***SMR was 1.5 in all 245 identified PD cases, but the SMR was 1.35 in definite PD, 1.42 in definite and probable PD, and 1.99 in possible PD.
Two studies from the UK 6 7 and four studies from other European countries [12] [13] [14] [15] were eligible for inclusion in the analysis of LE compared with UK population mortality data. A UK case control (CC) study included patients with PD recruited by general practitioners, and their age, sex and practice matched controls. Another UK study 6 reported survival and SMRs in young onset patients with PD. The European studies were from Italy, 14 Norway, 15 France 12 and a collaboration of studies from France, Germany, the Netherlands, Sweden and Italy. 13 An additional study from Italy was not included as the age groups were too broad. 16 As age categories varied between studies and the UK actuary data, the SMRs from each study age group were applied to all relevant 5 year actuarial age groups to calculate changes in LE (eg, a study with age 60-69 years would be used for actuarial age groups 60-64 and 65-69). The same SMRs were used for men and women in the Gompertz equations. Only two of the studies reported mortality rates by age at diagnosis, 6 15 and the remaining studies measured mortality rates from the start of the study.
For ages 25-40 years, SMRs from the two UK studies 6 7 were used to estimate LE (mean 3.0). The SMR (3.9) from one study 7 was 7 13-15 Four studies were used to estimate the mean SMRs for ages 60-64 years (2.2) and 65-74 years (2.0). 7 13-15 The most extreme SMR (10.0) was disregarded because it was not consistent with the four other values. 12 The SMR (3.0) for ages 75-84 years was estimated from five studies, 7 12-15 and for ages 85-89 (3.1) from four studies, 7 12-14 The SMR for ages 90-99 years was calculated from three of four eligible studies, 7 12 13 because one did not specify the SMR for ages over 89 years. Patients over 89 years were infrequent and therefore the estimates were not as robust as for younger age categories. At ages less than 70 years, the UK CC study 7 reported the highest SMRs among the studies used for calculations, but above 70 years, the SMR in this study was comparable with other studies. The lowest SMRs were from the Norwegian study. 15 
RESULTS
Reported standardised mortality ratios from 1935 to 2001
The SMRs or mortality ratios comparing PD cases and controls from 39 studies from 1935 to 2006 are reported in table 1. The SMRs ranged from 1, indicating no differences compared with the general population, to 3.4, indicating more than threefold higher mortality in PD. The time trend of estimates is inconsistent, although there appears to be a decrease in the 1970s, corresponding to the introduction of levodopa trials during that time period (fig 1) . A geographical trend is not apparent, as the SMRs within each geographical region are as variable as between regions (table 1).
Mean life expectancy in patients with PD compared with the general population
The estimated changes in LE compared with the general population for a range of possible SMR values, stratified by age and sex, using the Gompertz function and the 2003 UK mortality rates, are presented in table 2. Calculated LEs (fig 2) and AAD ( fig 3) were compared between patients with PD and the UK general population. The graphical comparisons show that LE and AAD are considerably shorter or earlier in patients with age at onset before 50 years compared with the general UK population. This difference decreases with increasing age in females and males. The mean LE of patients with PD with onset The SMR calculations were the same for both sexes, and therefore changes in LE were the same, but the actual LE and AAD estimates were higher in women because they live longer, on average, than males in the general population.
DISCUSSION
The estimates of LE for patients with PD in the UK show that they have a decreased LE compared with the general population within all age groups, but LE is most severely decreased with young age at onset. In patients with onset between 25 and 40 years, SMR estimated average LE was reduced from a mean of 49 to 38 years; in those with onset between 40 and 65 years, average LE was reduced from 31 to 21 years; and in those with an onset at or above 65 years, average LE was reduced from 9 to 5 years. The median time period between onset and death reported in UK young onset cases was 27 years for patients with onset between 36 and 39 years, and 35 years for those with onset between 22 and 35 years. 6 These survival estimates are slightly lower than the calculated LE for ages 25-40 years 
Previous studies have similarly reported increased mortality and greater reduction of LE in patients with younger onset. A US based study 41 reported an increasing trend of relative risk according to age of onset with higher mortality in the younger onset cases. Australian, 36 French, 12 Norwegian 15 and UK 7 studies had similar findings. In addition, a study of pathologically proven cases of PD reported that, although those with young onset (,40 years) had a 12 years longer mean disease duration to death, mean age at death was 30 years earlier than in those with older onset (.70 years). 46 Diamond et al 29 found that mortality in young onset (,50 years) patients was nonsignificantly greater than in older onset (.59 years) patients. In contrast with these studies were two Italian studies, one which was not used for calculations because age categories were too broad and reported odds ratios of 1.7 in patients with age at onset below 68 years, and 2.0 in those with onset at or above 68 years. 14 16 Results from the SMR based calculations were confirmed by comparison with reported survival rates in the analysed studies, and also in other studies. A CC study in the USA 41 reported that median survival was 10 years in incident cases compared with 13 years in age matched controls with a median age of 72 years, over a 7-8 year period. The study also reported that median survival in PD individuals with onset from 41 to 66 years was 17 years, 41 which is comparable with our calculated mean remaining LE of 21 years. The median survival for patients with PD with onset between 67 and 76 years was 10 years, and for ages 77-97 years, median survival was 6 years. 41 In a Dutch study, 44 median survival after PD diagnosis at 71 years or older was 9 years, and in a Swedish community study, 42 patients with mean onset age of 66 years had mean duration before death of 13 (range 1247) years. These data are similar to those calculated in our study, although age specific values could not be calculated. The wide range of survival times within and between studies highlights that survival and LE estimates are based on average values, and the actual survival time depends on multiple factors. 5 42 43 45 47 Thus the US based DATATOP study 5 found similar mortality in patients with PD and controls, and it has been hypothesised that this finding was a result of the selection bias as well as optimised medical care inherent to treatment trials. 48 Swedish, 42 Norwegian 15 and Italian 14 16 studies each found a 1 year difference in mean age at death for PD cases compared with age and sex matched controls. These studies consisted mostly of older onset cases, which would be expected to have less difference in LE than young onset patients, compared with the general population in the same age groups. The UK CC study, which included some young onset patients, found that survival from the start of the study was 6.5 years (men) and 6.6 years (women) less in patients with PD than matched controls. 7 It is uncertain whether the similar survival between PD cases and controls in some studies was a result of shorter follow-up time, earlier disease stage, onset age or geographical differences in survival. 5 42 43 45 47 While we have no information from our analysis on the causes of the shorter LE in patients with younger onset, it is likely that this is mainly attributable to the longer disease duration in those who develop the first symptoms relatively early in life. It may also be speculated that after a long disease duration, despite slower disease progression in young onset disease, a greater proportion eventually becomes significantly disabled and prone to medical complications. In addition, it is recognised that the underlying aetiology in young onset parkinsonism is more frequently due to genetic and rarer symptomatic causes, than in older onset cases. 49 These are often associated with a worse prognosis. In the older onset group, on the other hand, cases of late onset dystonic tremor (diagnosed as ''benign tremulous PD'') or of neuroleptic induced parkinsonism, which are likely to carry a better prognosis, may have been erroneously included.
This study has some limitations.
(1) The use of the Gompertz function can only be made if comparing with the same population. Therefore, the UK LE calculations were made using available UK and Western European data. The data are not necessarily transferable to other populations, but this calculation could be repeated for other countries. (2) Only two 6 15 studies that were used for Gompertz calculations provided data on mortality since diagnosis. The majority of studies assessed mortality rates from the start of the study, which may have introduced a bias. SMRs from studies that measured mortality from the start of the study could overestimate mortality in patients with PD, and would most certainly predict shorter LEs than if onset age were used as the starting point. (3) For the younger age groups from 20 to 54 years, only one or two studies per age group were used to estimate the LE. 6 7 The SMR increased in the 75-89 year age group, and was inflated by one figure from the Italian study. 14 It would have been desirable to have a larger number of studies reporting SMRs for all age groups to obtain more robust estimates, but additional data were unavailable. (4) One UK CC study was included even though it began before the specified time period of 1984, because there were no other UK studies in older patients with PD. 7 (5) Clinic based studies have the potential for selection bias, as patients selected from tertiary clinics or specialists are likely to be more severe than the average PD patient causing SMR overestimation. On the other hand, controls selected from hospitals are more likely to be ill, with higher mortality than the general population, so the SMR for patients with PD would be underestimated. (6) The preferred information for LE calculations would be the prospective survival time of newly diagnosed patients with PD, by age group (at onset) and sex. It would also be useful to know whether patients were medicated and to report stratified results to examine whether medication affects survival time. This information is currently limited, and can only be addressed in large prospective studies with long follow-up, such as the Rotterdam Study, 50 European Prospective Investigation of Cancer, 51 Italian Longitudinal Study on Aging 52 or the Nurses Health Study/Health Professionals Follow-up study. 53 In the future, robust estimates could be provided by these or similar studies. (7) Finally, the results are average estimates, and while they can provide useful indications of LE, it must be emphasised that survival can vary between patients as a result of other factors.
